
Nov. 21, 1967 YASUO KO 3,354,413 
ELECTROMECHANICAL FILTER FOR LOW FREQUENCIES 

Filed Nov. 5, 1962 2 Sheets-Sheet 1 

F591 1/11 F 691 1B, 
1? ‘ a C 

a6 6 



Nov. 21, 1967 YASUO KO ' 3,354,413 

ELECTRCMECHANICAL FILTER FOR LOW FREQUENCIES 

Filed Nov.’ 5, 1962 2 Sheets-Sheet 2 

F5 91 4A1 17591451 
' 1? 

(Z . 

Pg 50 \\ // 
z 9/ 2n 
g \ r/ }_ 
E / 9: 
g ,'l / 7t 5 
5 10 / ’ % 
LL] / <71 
> ’ / I 
E ' 0 CL 

E k 
-5 f0 +5 +10 

FREQUENCY IN 0/3 



United States Patent 0 ” 
1 

3,354,413 
ELECTROMECHANICAL FILTER FOR 

LOW FREQUENCIES 
Yasuo K0, Sagamihara-slii, Kanagawa-ken, Japan, as 

signor to Kokusai Denki Kabushiki Kaisha, Tokyo-to, 
Japan, a joint-stock company of Japan 

Filed Nov. 5, 1962, Ser. No. 235,487 
Claims priority, application Japan, Nov. 13, 1961, 

36/40,691; Mar. 26, 1962, 37/ 13,992 
4 Claims. (Cl. 333-72) 

ABSTRACT OF THE DISCLOSURE 
Electromechanical ?lter having a plurality of resonators 

assembled as a unit. One’ of the resonators is vibrated 

10 

15 
electromechanically to vibrate the others. Pick-off trans- ‘ - 
ducers on the other resonators pick-off inverse signals from 
the other resonators as a combined output and the pass 
band of the ?lter is a function of the resonant frequencies 
of the other resonators. 

This invention relates generally to ?lters and more par 
ticularly to a new mechanical wave ?lter for low-frequen 
cy use wherein a tuning fork is utilized. 

It is a general object of the invention to provide a new 
and improved mechanical ?lter for low-frequency use 
which has highly desirable features and advantages as 
will be’ presently apparent. _ - 

The foregoing object has been achieved by the present 
invention, which, briefly described, provides a mechanical 
wave ?lter which can'be utilized for low frequencies of 
the order of approximately 100 cycles per second to 20 
kilocycles per second, and which consists of a plurality 
(three or more) of, vibrators of rectangular plate form with 
one'end of each ?xed integrally to a common supporting 
body and an element having electromechanical conver 
sion effect such as, for example, a thin plate of piezo 
electric or electrostriction material, bonded to each vibra 
tor, utilization being made of the operational characteris 
tics of two or more unitsof U-shaped tuning forks. Each 
unit is formed from the combination of two of the vibra 
tors, whereby the operations’ of two or more units of 
U-shaped tuning forks are effectively combined and utilized 
by selecting the electromechanical elements for driving. 
and picking up of electrical energy through suitable com 
bination. ' 

The nature, principle, and details of the invention will 
be more clearly apparent by reference to the following 
description of a few embodiments of the invention when 
taken in conjunction with the accompanying illustrations 
in which like parts are designated by like reference numer 
als and letters, and in which: 

~ FIGS. 1A, 18, 2A, 23, 3A, 3B, 4A and 4B are per— 
spective views A and elevational views B showing, respec 
tively, embodiments of the principal structure of a wave 
?lter according to the invention; 

FIG. 5 is an electrical circuit diagram illustrating one 
example of a circuit suitable for use with the ?lter of the 
invention; ' 

FIG. 6 is a graphical representation showing a typical 
frequency characteristic and phase-shift characteristic of 
a wave ?lter according to the invention; and 
FIG. 7 is an elevational view, in vertical section, illus 

trating the construction of a typical embodiment of the 
invention reduced to practical form. 

Referring to FIG. 1, which illustrates a perspective view 
A and an elevational view B showing the construction of 
the principal structure of one embodiment, the principal 
structure is a metallic vibrating body 1 having vibrators or 
resonators a, b, and c. On the outer sides of the outer reso 
nators a and c, in the vicinity of their root portions, and 
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on one side of the center resonator b, in the vicinity of 
its root portion, electromechanical transducers 2 made of 
a piezo-electric or electrostrictio-n material are secured. A 
lead wire 3 is connected to each of the outer electrodes of 
these transducers 2. The ceramic base body of each of 
these transducers 2 is a miniature, thin plates made from 
a substance of such a group as, for example, the barium 
titanate group or the lead zirconate, lead titanate group, 
and is coated with baked-on silver ?lms on both sides 
thereof so as to form an electrode. 
When an electrical input is impressed, through one or 

two of the lead wires 3, simultaneously on the electrode 
surface of one or two of the transducers 2, this electrical 
input is converted into mechanical energy by piezo-electric 
effect or electrostriction effect, whereupon the metallic 
vibrating body 1 undergoes vibration as a combined body 
of three U-shaped tuning forks composed of resonators a 
and c, a and b, and b and 0. Accordingly, it is possible to 
convert this mechanical vibration, by means of one or two 
transducers other than the driving transducer into electri 
cal energy and to pick it up in an output circuit. 
A protrusion 4 extending downwardly from the extreme 

lower end of the metallic vibrating body 1 is a stud for 
holding fast in a mounted condition the vibrating body 1. 

FIGS. 2 and 3 illustrate perspective views A and eleva 
tional views B showing the construction of other embodi 
ments of the invention, which differ from that of FIG. 
1 in the arrangement of the thin plates of piezo-electric or 
electrostriction material. That is, in the embodiment of 
FIG, 2, the center resonator has two such plates, one on 
each side thereof, near its root portion, and in' the em 
bodiment of FIG. 3, each of the resonators a, b, and c 
has two such plates, one on each side thereof, near its 
root portion. Although the operations of these embodi 
ments are the same as that in the case of FIG. 1, two to 
three transducers for driving and picking-up can be con 
nected simultaneously in the case of the embodiments of 
FIGS. 2 and 3, which thereby have the advantage of fur 
ther reduction in transmission loss. 
The construction of the principal structure of still an 

other embodiment of the invention in the case wherein 
four vibrators a, b, c, and d are used is shown in the views 
of FIG. 4. As shown, a transducer 2 is secured to one side 
of each of the resonators near its root portion, on the outer 
sides in the case of the outer resonators a: and d, and on 
the inner sides in the case of the inner resonators b and 0. 
With this arrangement, the ?lter vibrates principally as a 
combined body composed of four units of U~shaped tuning 
forks a and d, a and c, b and c, and b and d. 
The mechanical ?lter for low frequencies of this inven 

tion is used in conjunction'with such a circuit as is exem 
pli?ed in FIG. 5. This circuit comprises a signal generator 
S, an input terminal resistance R1, a mechanical ?lter 
according to the invention, and an output terminal re 
sistance R2, the parts named being connected as shown. 
When a signal is generated by the signal generator, it is 
transmitted through the resistance R1 and is impressed on 
one of the transducers made of piezo-electric or electro 
striction material, thereby driving the resonator to which 
the transducer is secured. Then, the vibratory motion of 
this resonator causes electrical energy to appear at the 
other two transducers made of piezo-electric or electro 
striction material. This electrical energy is picked up by 
means of the terminal resistance R2 of the output side. 

Through the use of the mechanical ?lter according to 
this invention, excellent relation characteristics can be 
obtained as is illustrated by one example of a frequency 
characteristic and a phase-shift characteristics in FIG. 6. 
At the same time, since the phase shift become 1r radians 
within a band, the interchangeability between a wave 
?lter and an oscillator, which has heretofore been di?icult 
with U-shaped, single tuning forks of conventional type, 
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can be achieved readily in a mechanical wave ?lter ac 
cording to this invention. 

Since, as has been described above, the wave ?lter 
according to this invention has a construction which, in 
eifective performance, may be considered to be a com— 
bined body of two or more units of U-shaped tuning forks 
made up of three or more vibrators of the form of single 
end ?xed (or cantilever) rectangular plates, the attenua 
tion gradient of this wave-?lter is considerably greater 
than that of a conventional U-shaped, single tuning fork. 
Moreover, by suitably adjusting the resonance frequency 
of each U-shaped tuning fork, it is possible to obtain, 
in an easy manner, such characteristics as a double-hump 
?ltration characteristic. 
When the mechanical wave ?lter for low frequencies 

according to this invention is used under conditions of 
substantial external vibration, since the frequency band 
of the external vibration is in the vicinity of the frequen 
cies of the ?lter, there is the possibility of the ?lter being 
adversely affected by such detrimental effects as ?uctua 
tion in the ?ltration frequency and drop in the oscillation 
intensity. In order to eliminate such detrimental effects, 
the principal structure of the ?lter is mounted on a base 
over an elastic, insulating material, whereby external 
vibrations are effectively cut off by absorption so as to 
enable the ?lter to operate always in a normally correct 
manner even under conditions of external vibration. Such 
an arrangement has been achieved with a simple construc 
tion, which, moreover, is convenient for easy assembly. 
The construction of an embodiment of the mechanical 

wave ?lter for low frequencies according to the invention, 
reduced to practical form, is shown in a sectional view in 
FIG. 7. The principal structure of the wave ?lter 5 com 
prising a metallic vibrating body 1, transducers 2 made of 
piezoelectric or electrostriction material, and lead wires 3 
are mounted on an elastic, insulating member 6 of cylin 
drical column shape made from such a material as, for 
example, silicone rubber. The vibrating body, is secured 
to the elastic member 6 by the forcible insertion of its 
stud 4 into a hole, of somewhat smaller free diameter than 
the stud 4, in the elastic, insulating member 6, whereby 
the elastic property of the member 6 is utilized for achiev 
ing elastic anchoring. The elastic member 6 is, in turn, 
forcibly ?tted into a base 7 of cylindrical cup shape which 
has an inner diameter somewhat smaller than the free 
outer diameter of the elastic member 6, and which is a 
molded article of such a material as, for example, phenolic 
resin. The elastic property of the elastic member 6 is thus 
utilized for achieving elastic anchoring. Thus, the ?lter 
structure 5 is mounted and secured to the base 7 over the 
elastic member 6. 
The wave ?lter of FIG. 7 is further provided with input 

and output terminals 9, which are for impressing input 
signals and leading out output signals, and which pass 
through and are partly embedded in the base 7 and pass 
through the elastic member 6, and are connected at their 
inner ends by the lead wire 3 to their respective trans 
ducers 2. The entire assembly, except for the terminals 9, 
is encapsulated within a protective cover 8 which is secured 
to the base 7 by means of a fastening means 10. 

Although this invention has been described with respect 
to a few particular embodiments thereof, it is not to be 
so limited since changes and modi?cations may be made 
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4 
therein which are within the full intended scope of the 
invention, as de?ned by the appended claims. 
What I claim is: 
1. An electromechanical ?lter comprising, a tuning fork 

having a plurality of arms, for each arm a piezoelectric 
transducer thereon adjacent a root thereof, means for 
impressing an electric signal on one of said transducers 
for vibrating said one of said arms thereby to vibrate the 
others of said arms, the others of said arms comprising 
two arms, pick-01f means comprising the transducers on 
the other arms of said tuning fork to pick-off inverse sig 
nals from said others of said arms as a combined output, 
whereby control of the pass band of said ?lter is a function 
of the resonant frequencies of said other arms. 

2. An electromechanical ?lter comprising, a tuning fork 
having a plurality of arms, for each arm a piezoelectric 
transducer thereon adjacent a root thereof, means for im 
pressing an electric signal on one of said transducers for 
vibrating said one of said arms thereby to vibrate the 
others of said arms, pick-off means comprising the trans 
ducers on the other arms of said tuning fork to pick-off 
inverse signals from said others of said arms as a com 
bined output, said pickoff means including means con 
necting said two transducers differentially, whereby con 
trol of the pass band of said ?lter is a function of the 
resonant frequencies of said other arms. 

3. An electromechanical resonator apparatus com~ 
prising, a tuning fork having a plurality of arms, a piezo 
electric transducer mounted on one of said arms adjacent 
a root thereof, means for impressing an electric signal on 
said transducer for vibrating said one of said arms thereby 
to vibrate the others of said arms, picko? means con 
nected to the other arms of said tuning fork to pick off 
inverse signals from said others of said arms as a com 
bined output, said other arms comprising two arms and 
said one arm disposed intermediate said two arms, and 
said one arm being spaced different distances from said 
other arms. 

4. An electromechanical resonator apparatus compris 
ing, a tuning fork having a plurality of arms, a piezoelec 
tric transducer mounted on one of said arms adjacent a 
root thereof, means for impressing an electric signal on 
said transducer for vibrating said one of said arms thereby 
to vibrate the others of said arms, pickoif means connected 
to the other arms of said tuning fork to pick off inverse 
signals from said others of said arms as a combined out 
put, said pickoif means comprising piezoelectric trans 
ducers mounted on the root of said two arms, and means 
connecting the last-mentioned transducers differentially. 
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